Microscopic colitis is a clinical umbrella term for conditions characterized by a normal endoscopic appearance, but with histologic abnormalities in a patient with diarrhea. 1 The most common histologic forms of microscopic colitis are collagenous colitis (CC) and lymphocytic colitis (LC), [2] [3] [4] but other subtypes of colitis have also been described. 5 CC is generally a disease of older adults. The mean age at diagnosis is 64 years, but patient age ranges from 29 to 93 years. 6 The female-to-male ratio is 3 to 1. 6 The annual incidence of CC is reported in non-pediatric populations from several European and North America studies to be 0.6-5.2 per 100 000 with a prevalence of 10-39.3 per 100 000. [7] [8] [9] Patients typically seek medical attention because of chronic, watery, and non-bloody diarrhea. 2, 8 Associated symptoms in adult patients include abdominal pain, incontinence, urgency, flatulence, and weight loss. 8 Adult patients with CC have higher rates of autoimmune thyroid disease, celiac disease, and rheumatoid arthritis. 6 CC is exceedingly rare in pediatric patients, 10 and therefore, data on CC of this group is scarce. In this series, we describe the clinical and pathologic features of CC patients under the age of 18 years.
Materials and methods
The pathology database at the Cleveland Clinic was searched from 1990 to 2010. Clinical records of all children under the age of 18 years who had a histologic diagnosis of CC were reviewed. Additional four cases were from two pathologists' files at the other participating institutions (University of Nebraska and University of Chicago). This study was approved by the Institutional Review Boards.
The inclusion criteria were (1) patients younger than 18 years of age; (2) normal colonoscopy; (3) histopathological examination of colonic biopsies showing typical features of CC, which include chronic inflammation in the lamina propria, variable intraepithelial lymphocytosis, and thickening of the subepithelial collagen plate in the absence of significant neutrophilic inflammation (defined as a predominance of neutrophils among the inflammatory cells or the presence of multifocal neutrophilic crypt abscesses) or significant crypt architecture distortion.
The clinical records of all patients who fulfilled inclusion criteria were reviewed and the following variables were documented: patient demographics, family history of any significant medical conditions including autoimmune diseases and gastrointestinal disorders, comorbid conditions/causes and risk factors, clinical symptomatology and findings on physical examination, endoscopic findings, radiological and laboratory results, histologic findings on colonic biopsies, and upper gastrointestinal tract if it was examined and biopsied, treatment and clinical course, and histologic findings in post-treatment colonic biopsies.
Histologic Review of Gastrointestinal Tract Biopsies
The biopsies from all patients were reviewed by at least two experienced gastrointestinal pathologists. Five sets of biopsies from four patients were reviewed for the following features: surface intraepithelial lymphocytes (number of intraepithelial lymphocytes in 100 surface epithelial cells in the intercryptal region), crypt intraepithelial lymphocytes (number of intraepithelial lymphocytes in 100 consecutive crypt epithelial cells), surface epithelial injury (graded as 0 (no injury), 0-1 (loss of mucin), 1 (mild injury), and 2 (severe injury with surface sloughing)), chronic inflammation in the lamina propria based on the most hypercellular area at low-power magnification (4 Â ) (graded as 0 (within normal range), 0-1 (minimal), 1 (chronic inflammation in the superficial portion of the lamina propria), and 2 (chronic inflammation involving the full thickness of the lamina propria)), and a thickened subepithelial collagen table (defined as any increase in subepithelial collagen). 11, 12 In addition, all biopsies were assessed for crypt distortion, neutrophilic inflammation, granuloma, and crypt apoptosis (recorded as the number of apoptotic bodies in 10 consecutive crypts in the area with the most brisk apoptotic activity). All available upper gastrointestinal tract biopsies were also reviewed.
Results

Demographics Data and Clinical Findings
As shown in Table 1 , this cohort included five females and two males. Patient age ranged from 4 to 16 years, with a median age of 13 years.
Detailed clinical information was not available for all cases in our series either due to the retrospective nature of the study or because the case was seen as a consult. One case (case 7) has been previously reported. 13 As shown in Table 1 , four (of 7, 57%) patients presented with watery non-bloody diarrhea, one (14%) had alternating constipation and diarrhea, one (14%) with constipation, and one (14%) with normal bowel movements. In four patients with available clinical information, two (40%) had weight loss. Abdominal pain was also a common symptom (4/5, 80%). One patient had clinical findings consistent with rectal prolapse. Three (of 3, 100%) had normal physical examination.
Two patients (of 6, 33%) had a previous history of celiac disease, and one (of 6, 17%) had a previous history of cow's-milk intolerance. One patient (of 5, 20%) had a family history of autoimmune disorders that included juvenile diabetes, celiac disease, and Crohn's disease. The patient presented with alternating constipation and diarrhea and rectal prolapse had a family history of diverticulosis. The remaining patients had no remarkable family history. None of the patients took non-steroidal antiinflammatory agents (NSAIDs).
Endoscopic and Radiographic Findings
Five (of 5, 100%) patients had normal colonoscopic examination. Three (of 4, 75%) patients had normal esophagogastroduodenoscopy findings, but one patient had white plaques in the esophagus and found to have candidal esophagitis on biopsy (this patient had a recent history of budesonide oral inhalation treatment for asthma). Three patients had radiographic studies of the abdomen and/or pelvis (including computed tomography of abdomen and pelvis, ultrasound examination of gallbladder, and ultrasound examination of pelvis) all of which were normal.
Histologic Findings
All patients had typical histologic features of CC including a combination of lymphoplasmacytic infiltration of the lamina propria, surface epithelial injury, surface intraepithelial lymphocytosis, and thickening of subepithelial collagen plate ( Figure 1 ). Two patients (of 7, 29%) were diagnosed on biopsies taken from sigmoid-rectal and descending/sigmoid/ rectal regions. The remaining five patients (of 7, 71%) had multiple biopsies throughout the colon and rectum. Among these five cases, biopsies from the colon showed typical features of CC in all 5; four patients also had rectal biopsies at their initial presentation and two had CC on rectal biopsy, but one of the four had a rectal biopsy with only increased intraepithelial lymphocytes but no increase in collagen and one had a normal rectal biopsy.
The histologic findings of pediatric CC in colorectal biopsies are shown in Table 2 . The mean number of surface intraepithelial lymphocytes was 37 per 100 epithelial cells (s.d. 24). Overall, 23 (of 25, 92%) biopsies had surface intraepithelial lymphocytosis (defined as 420 intraepithelial lymphocytes per 100 surface epithelial cells). The mean number of crypt intraepithelial lymphocytes was 10 per 100 crypt epithelial cells (s.d. 7). In addition, 22 (of 26, 85%) biopsies had increased chronic inflammation in the lamina propria and 25 (of 26, 96%) biopsies had surface epithelial injury ranging from mild-to-severe injury including surface denudation. A thickened subepithelial collagen plate with a 'dripping' appearance was noted in 24 (of 26, 92%) biopsies from 4 (of 4, 100%) patients, with the absence of the increased collagen in the rectal biopsies in two patients (but these two had increased collagen in more proximal biopsies). Focal crypt distortion was noted in two biopsies (8%) from two patients (of 4, 50%). Focal neutrophilic inflammation (either involving crypts or lamina propria) was noted in two biopsies (of 26, 8%) from two patients (of 4, 50%).
One patient (case 3) had two biopsies performed 1 year apart. The second set of biopsies had more severe surface epithelial injury, chronic inflammation, and a thicker subepithelial collagen plate. Of note, the second set of biopsies showed a higher number of apoptotic bodies in crypts (3.2 (s.d. 1.7)/ 10 consecutive glands vs 0.67 (s.d. 0.5) in the first set of biopsies). In the remaining three cases, only rare apoptotic bodies were identified in crypts (Table 2) .
Five patients had biopsies from the upper gastrointestinal tract including four biopsies from the duodenum, four from the stomach, and three from the esophagus. Among them, one had intraepithelial lymphocytosis in the duodenal mucosa (defined as 425 intraepithelial lymphocytes/100 epithelial cells). 14 Three had (of 4, 75%) chronic gastritis including two with lymphocytic gastritis and one had candidal esophagitis (patient was on budesonide). One of the three patients who had biopsies from the terminal ileum had intraepithelial lymphocytosis (defined as Z10 intraepithelial lymphocytes/100 surface epithelial cells 15 but preserved villous architecture.
Treatment and Follow-Up
For the five patients with treatment information available, two (cases 3 and 7) were treated with budesonide (Entocort), one after initial failure of mesalamine (Asacol) and cholestyramine and histologic progression of disease. This patient had continued mild diarrhea (2-3 stools/per day) alternating with constipation but no additional biopsy was performed. The other patient had clinical resolution and histologic normalization of the colonic mucosa (case 7). One patient had spontaneous resolution of diarrhea without treatment (case 4). The remaining patients were treated with symptom-relieving agents including ondansetron and bisacodyl (case 1, presented with weight loss and abdominal pain but lacked diarrhea), and polyethylene glycol 3350 (Miralax) (case 2, presented with constipation) and all of them had their symptoms relieved with the above treatments. 
Pediatric collagenous colitis
Of the four patients with follow-up data (cases 1-3 and 7, 24-75 months duration, median 54 months), three patients had no further gastrointestinal symptoms and one had a relapsing clinical course with recurrent abdominal pain, alternating diarrhea and constipation, and rectal prolapse (case 3). None of the patients developed Crohn's disease or ulcerative colitis during the follow-up period.
Discussion
CC is a well-recognized form of chronic colitis in adults. It had only been rarely reported in children and adolescents and some of the cases may not be bona fide cases as commented previously. 16 In some earlier reports, the photomicrographs did not show all the microscopic features of CC in colonic 17 or rectal biopsies, 18 and some only showed a thickened basement membrane without significant epithelial injury or increased inflammation. 10, 17 More recent cases in the pediatric literature do appear to be genuine CC, but these are single case reports.
To our knowledge, this report is the only series of CC cases in children and adolescents that highlights similarities as well as differences from the adult population. The pediatric CC cases from the literature 13, [19] [20] [21] [22] [23] [24] and from our series (Table 1) had a female-to-male ratio of 2.5 (10:4) and most of them presented with diarrhea (11/14, 79%) (Table 1) , similar to the adult population. In our series, the most common symptoms were abdominal pain (4/5, 80%; Table 1 ). These findings are similar to CC in adults, in which diarrhea-associated symptoms include abdominal pain (73%). 8 While weight loss has been reported in 29-49% of adult cases, 8, 25 it is not a common complaint in previously reported pediatric cases (see Table 1 , cases prior to our series), although our series had two patients with significant weight loss, either alone, or accompanied by diarrhea or constipation.
Unlike adults, children more often have an atypical presentations including constipation or alternating constipation and diarrhea, which had not been reported previously in this patient population (see Table 1 , cases prior to our series). Of note, the patient with alternating constipation and 6 This association seems to be more common in children, as 5/14 (36%) children had autoimmune diseases diagnosed prior to or simultaneously with the diagnosis of CC, including celiac disease (2), collagenous sprue and gastritis (2) , and juvenile scleroderma (1) . Celiac disease was noted in 29% (4/14) pediatric cases (Table 1) , higher than that seen in adult population (5/171). 6 Further, in pediatric population, celiac disease was more often diagnosed prior to or at the same time as CC (4/4 (100%)), compared with 20% (1/5) celiac disease diagnosed prior to CC in the adult population. 6 In pediatric patients with celiac disease and CC, the latter did not always coincide with active celiac disease, as 50% (2/4) of patients developed CC when their celiac disease was in remission on a gluten-free diet. Our results suggest that serology and histologic evidence of remission of celiac disease should not exclude the possibility of CC as a cause of watery diarrhea in these patients.
Five patients (of 7, 71%) in our series had multiple biopsies separately submitted at their initial presentation. While the biopsies from the colon showed typical features of CC, two rectal biopsies (50%) from four patients at their initial presentation were either normal or only showed intraepithelial lymphocytosis without thickened collagen band. Absolute and relative rectal sparing in pediatric CC seen in our series may explain the relatively normal rectal mucosa in previously reported cases of 'pediatric CC,' which had typical clinical presentations. 18 Thus, a normal rectal biopsy does not exclude the possibility of CC in children. As in adults, if CC is a consideration, biopsies should include areas proximal to the rectosigmoid.
Histologic abnormalities have been noted in the upper gastrointestinal tract in children and adolescents with CC. Two cases had collagenous gastritis, two lymphocytic gastritis (our series), and one nonspecific chronic gastritis (our series). Two of three patients with collagenous gastritis in the literature also had collagenous sprue ( Table 1 ). The patients with lymphocytic gastritis or non-specific chronic gastritis in our series did not have celiac disease. Also, one of four duodenal biopsies available for histologic review had intraepithelial lymphocytosis but no clinical evidence of celiac disease. One of three terminal ileal biopsies available for histologic review had intraepithelial lymphocytosis but no clinical evidence of celiac disease. These findings are consistent with the previously reported intraepithelial lymphocytosis in terminal ileum in adult patients with CC. 26, 27 While clinical trials have shown the efficacy of budesonide treatment in adult patients with CC, [28] [29] [30] [31] [32] treatment for children appears to be largely empiric with various agents (Table 1) . Overall, sulfasalazine, mesalazine, and cholestyramine were either ineffective or only partially effective. Four of five patients treated with corticosteroids appeared to respond, at least temporarily, but two had relapse after cessation of corticosteroids and one became steroid-dependent (1/5, 20%), similar to what has been observed in adult patients. One case had a progressive clinical course in spite of aggressive treatment including corticosteroids.
One child with CC has been reported to progress to Crohn's disease 10 years after the initial diagnosis of CC. 22 However, in our series of four cases with a median follow-up period of 54 months (range: 24-75), none progressed to Crohn's disease.
The etiology of pediatric CC is as elusive as in adult patients, but appears to be associated with underlying immune abnormalities, common variable immunodeficiency, 33 celiac disease, and aeromonas hydrophila infection in some cases, and to be a component of collagenous gastroenterocolitis (Table 1) . Unlike adult patients, medications, particularly NSAIDs, 34 do not seem to play a significant role in the development of pediatric CC.
In summary, CC occurs rarely in children. Similar to adults, childhood CC has a female predilection and most present with diarrhea and abdominal pain, but atypical presentations (weight loss and constipation) can also be seen. In addition, associated autoimmune disorders including celiac disease, lymphocytic gastritis, and collagenous gastritis are seen at a higher rate in these patients. No association with NSAID usage was found in pediatric cases. While therapy for adult CC is fairly standardized, the treatments for children vary; but most pediatric patients respond, at least temporarily, to corticosteroid therapy.
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